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6,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WDUJHW DQG LQWHUIHULQJ JDVHV >@ 6XUIDFH LRQL]DWLRQ 6, RQ WKH RWKHU KDQG VHOHFWV DFFRUGLQJ WR LRQL]DWLRQ
HQHUJ\ $V XVXDOO\ WR[LF DQG YHU\ UHDFWLYH WDUJHW JDVHV IHDWXUH ORZHU LRQL]DWLRQ HQHUJLHV WKDQ OHVV UHDFWLYH
LQWHUIHULQJ RQHV KLJK VHOHFWLYLW\ FDQ PRUH HDVLO\ EH DWWDLQHG
5(6 DQG 6,W\SH JDV VHQVRUV KDYH LQ FRPPRQ WKDW ERWK UHO\ RQ DQDO\WH PROHFXOHV DGVRUEHG RQ KRW
VROLG VXUIDFHV ,Q WKH 5(6 FDVH DGVRUEHG DQDO\WH VSHFLHV LQWHUDFW ZLWK FRDGVRUEHG VXUIDFH R[\JHQ LRQV WR
JHQHUDWH D FKDQJH LQ VXUIDFH EDQG EHQGLQJ >@ ,Q WKH 6, FDVH LRQRVRUEHG DQDO\WH VSHFLHV EHFRPH LRQL]HG
E\ DQ HOHFWURQ WUDQVIHU WR WKH DGVRUEHQW VROLG DQG DUH H[WUDFWHG LQWR IUHH VSDFH E\ D FRXQWHU HOHFWURGH
SRVLWLRQHG DW D VKRUW GLVWDQFH DERYH WKH KRW HPLWWHU VXUIDFH >@ 7KH IRXQGDWLRQV RI WKLV WHFKQRORJ\ ZHUH
VWXGLHG LQ WKH SDVW E\ =DQGEHUJ DQG 5DVXOHY >@
:RUNLQJ LQWR WKH GLUHFWLRQ RI SRUWDEOH ORZ SRZHU FRQVXPSWLRQ JDV VHQVRU V\VWHPV ZH UHSRUW KHUH RQ
WKH IDEULFDWLRQ DQG HOHFWULFDO FKDUDFWHUL]DWLRQ RI 6, JDV VHQVRUV EXLOW IURP LQGLYLGXDO 6Q2 QDQRZLUHV ,Q
WKH IROORZLQJ ZH ILUVWO\ VKRZ WKDW WKHVH SURWRW\SHV ZRUN DW PXFK ORZHU ELDV YROWDJHV 9F DQG WHPSHUDWXUHV
7 WKDQ WKHLU PLFURFRXQWHUSDUWV WKHUHE\ SURYLGLQJ GLUHFW HYLGHQFH RI WKH LQWULQVLF DGYDQWDJHV RI XVLQJ RQH
GLPHQVLRQDO QDQRPDWHULDOV DV EXLOGLQJ EORFNV RI 6, JDV VHQVLQJ V\VWHPV 6HFRQGO\ ZH GHPRQVWUDWH WKDW
WKH 6, UHVSRQVH LV LQKHUHQWO\ YHU\ IDVW DQG WKDW LW IHDWXUHV DSSUR[LPDWHO\ OLQHDU FRQFHQWUDWLRQ GHSHQGHQFH
7KLUGO\ ZH VKRZ WKDW 5(6 DQG 6, PHDVXUHPHQWV FDQ EH VLPXOWDQHRXVO\ REWDLQHG IURP VLQJOH QDQRZLUHV
DQG WKDW VXFK D FRPELQHG 5(66, UHDGRXW FDQ OHDG WR H[FHOOHQW VHOHFWLYLW\
 6HQVRU DUFKLWHFWXUH
7KH NLQG RI VHQVRUV ZH DUH FRQFHUQHG ZLWK LQ WKLV SDSHU LV VKRZQ LQ )LJ )LJD VKRZV WKDW VXFK
VHQVRUV FRQVLVW RI SDLUV RI QDQRZLUHV 1: VSHFLILFDOO\ DUUDQJHG RQ D SLHFH RI R[LGL]HG VLOLFRQ 7KH ILUVW
1: FRQVLVWV RI D VLQJOH 6Q2 1: ZKLFK KDG EHHQ LVRODWHG IURP D &9' GHSRVLWHG PDW RI 1:V >@ 7KH
LVRODWHG 1: ZDV SRVLWLRQHG RQ WKH R[LGL]HG 6L DQG WKLQ 1:V RI SODWLQXP 3W ZHUH GHSRVLWHG E\ IRFXVHG
LRQ EHDP ),% WHFKQRORJ\ WR IRUP HOHFWULFDO FRQQHFWLRQV WR SUHGHSRVLWHG PDFURVFRSLF 3W FRQWDFW SDGV LQ
WKH SHULSKHU\ 8VLQJ WKHVH FRQWDFWV WKH FRQYHQWLRQDO 5(6 JDV UHVSRQVH RI WKH 02; QDQRZLUH FDQ EH
PHDVXUHG $ PHDVXUHPHQW RI WKH 6, JDV UHVSRQVH LV HQDEOHG E\ D VHFRQG 3W 1: WKDW ZDV ),%GHSRVLWHG WR
UXQ SDUDOOHO WR WKH 6Q2 HPLWWHU 1: WR IRUP D FRXQWHU HOHFWURGH )LJD SUHVHQWV D FORVHXS YLHZ RI WKLV
SDUDOOHO 1: GHYLFH 31' 7KH GLVWDQFH EHWZHHQ ERWK 1:V LV DERXW P DQG D WKLQ ),%HWFKHG WUHQFK
FXW FDQ EH VHHQ WR UXQ LQ EHWZHHQ ERWK 1:V 7KLV ODWWHU FXW ZDV PDGH WR UHPRYH DQ\ WUDFH RI 3W WKDW PLJKW
KDYH EHHQ VSLOOHG RQWR WKH 6L2 GXULQJ ),% GHSRVLWLRQ RI WKH FRXQWHU HOHFWURGH DQG WKDW FRXOG KDYH IRUPHG
D SDUDVLWLF FRQGXFWLRQ SDWK EHWZHHQ WKH HPLWWHU DQG FRXQWHU HOHFWURGH 1:V
ʅ ʅ
D E
)LJ  D 6LQJOHQDQRZLUH 6, JDV VHQVRU ),%GHSRVLWHG RQWR DQ R[LGL]HG VLOLFRQ FKLS E GHWDLO YLHZ RQWR LRQ H[WUDFWLRQ JDS
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 6, UHDGRXW VFKHPHV
,Q SULQFLSOH D 31' FDQ EH UHDG RXW LQ WZR SULQFLSDOO\ GLIIHUHQW ZD\V ,Q WKH ILUVW PRGH WKH 31' LV
SRVLWLRQHG RQ D FHUDPLF KHDWHU VXEVWUDWH DQG LV SDVVLYHO\ KHDWHG WR HPLVVLRQ WHPSHUDWXUH ZKLOH D
PDFURVFRSLF FRXQWHU HOHFWURGH LV SRVLWLRQHG DW D VKRUW GLVWDQFH DERYH WKH 31' VXUIDFH )LJD $V XVXDO
WKH FRXQWHU HOHFWURGH LV QHJDWLYHO\ ELDVHG WR REVHUYH SRVLWLYH LRQ HPLVVLRQ IURP HLWKHU WKH 6Q2 RU WKH 3W
1: (PLVVLRQ IURP HLWKHU RI WKHVH 1:V FDQ EH REVHUYHG E\ DSSO\LQJ DQRGLF ELDV HLWKHU WR WKH 6Q2 RU
WKH 3W 1: )LJE VKRZV WKDW UHFWLI\LQJ ,9 FKDUDFWHULVWLFV DUH REVHUYHG DV WKH 1: ELDV LV VFDQQHG IURP 
9 QHJDWLYH WR 9 SRVLWLYH (PLVVLRQ REYLRXVO\ FDQ EH REVHUYHG ERWK IURP WKH 3W DQG WKH 6Q2
1:V $ VRPHZKDW KLJKHU HPLVVLRQ LV REVHUYHG IURP WKH 6Q2 ZLUH OLNHO\ EHFDXVH RI LWV VPDOOHU GLDPHWHU
DQG WKH HQVXLQJ KLJKHU HOHFWULFDO ILHOGV DW WKH 6Q2 VXUIDFH ,Q RUGHU WR REVHUYH HIILFLHQW HPLVVLRQ RI
GLEXW\ODPLQH '%$ LRQV HPLWWHU WHPSHUDWXUHV LQ WKH RUGHU RI & KDG WR EH DSSOLHG LH WHPSHUDWXUHV
WKDW DUH VLPLODU WR WKH RQHV REVHUYHG LQ RXU PRUH PDFURVFRSLF WKLQ ILOP DUUDQJHPHQWV >@ 7KH WRWDO
HPLVVLRQ FXUUHQWV IURP WKH WLQ\ 6Q2 1: KRZHYHU ZHUH URXJKO\ RI WKH VDPH RUGHU RI PDJQLWXGH DV WKH
LRQ FXUUHQWV HPLWWHG IURP D WKLQ ILOP RI 6Q2 ZLWK D WRWDO HPLWWLQJ VXUIDFH RI VHYHUDO PP
D E
)LJ  D 31' UHDGRXW XVLQJ DQ H[WHUQDO FRXQWHU HOHFWURGH E ,9 FXUYHV DV REVHUYHG XQGHU H[SRVXUH WR HDVLO\ LRQL]DEOH
GLEXW\ODPLQH '%$ YDSRU HPLWWHU WHPSHUDWXUH 7H a &
,Q D VHFRQG IRUP RI 31' UHDGRXW WKH 31' LV SDVVLYHO\ KHDWHG DV LQ WKH H[DPSOH DERYH WKH H[WUDFWLRQ
ELDV LQ WKLV FDVH KRZHYHU LV DSSOLHG LQ EHWZHHQ WKH 6Q2 DQG 3W 1:V 'HSHQGLQJ RQ WKH VLJQ RI WKH ELDV
HPLVVLRQ IURP HLWKHU WKH 6Q2 RU WKH 3W 1: FDQ EH REVHUYHG :LWK ERWK ZLUHV EHLQJ DEOH WR DFW DV DQ LRQ
HPLWWHU RU DV D FRXQWHUHOHFWURGH ODUJHO\ V\PPHWULFDO ,9 FKDUDFWHULVWLFV GHYHORS 'XH WR WKH PXFK VPDOOHU
HPLWWHUHOHFWURGH GLVWDQFH DQG WKH VPDOO UDGLL RI ERWK 1:V KLJK HOHFWULFDO ILHOGV DQG VL]HDEOH LRQ FXUUHQWV
GHYHORS DW VPDOO ELDV YROWDJHV RI OHVV WKDQ 9 'XH WR WKH GLIIHUHQW ZRUN IXQFWLRQV RI 3W DQG 6Q2 ]HUR
LRQ FXUUHQW LV REVHUYHG ZKHQ WKH 6Q2 1: LV SRVLWLYHO\ ELDVHG WR DERXW 9 7KH UHDOO\ VXUSULVLQJ WKLQJ
LV WKDW LRQ HPLVVLRQ FDQ EH REVHUYHG DW VLJQLILFDQWO\ ORZHU WHPSHUDWXUHV WKDQ LQ WKH ILUVW UHDGRXW VFKHPH
GLVFXVVHG DERYH )LJ 7KH OLNHO\ UHDVRQ IRU WKLV WHPSHUDWXUH ORZHULQJ LV WKDW LQ WKH LQSODQH
FRQILJXUDWLRQ DQDO\WH LRQV IRUPHG RQ WKH HPLWWLQJ 1: FDQ PRYH WRZDUGV WKH FRXQWHU HOHFWURGH 1:
ZLWKRXW DFWXDOO\ EUHDNLQJ WKH DGVRUEDWH ERQG
 &RPELQHG 5(66, UHDGRXW
$V DOUHDG\ VWDWHG DERYH WKH 31'V DUH FRQILJXUHG WR DOORZ IRU D VLPXOWDQHRXV UHDGRXW RI WKH 6, DQG
5(6 UHVSRQVHV 6XFK D FRPELQHG 5(66, UHDGRXW FDQ EH XVHG WR REWDLQ KLJKVHOHFWLYLW\ LQIRUPDWLRQ IURP
D VLQJOHQDQRZLUH GHYLFH 7R GHPRQVWUDWH WKLV GHWHFWLRQ H[SHULPHQWV KDG EHHQ SHUIRUPHG LQ ZKLFK WKH
31' ZDV ILUVW H[SRVHG WR 12 (, a H9 DQG WKHQ WR &2 (, a H9 %RWK JDVHV GLIIHU FRQVLGHUDEO\ LQ
WKHLU LRQL]DWLRQ HQHUJ\ (, 7KH WRS SDQHO LQ )LJ VKRZV WKDW D 6, UHVSRQVH LV REWDLQHG ZLWK 12 EXW QRW
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ZLWK &2 ERWK JDVHV KRZHYHU WULJJHU D 5(6 UHVSRQVH $V XVXDO WKH 12 UHVSRQVH LV R[LGL]LQJ DQG WKH
&2 UHVSRQVH UHGXFLQJ &RPELQLQJ ERWK SLHFHV RI LQIRUPDWLRQ &2 DQG 12 FDQ HDVLO\ EH GLVFHUQHG
)LJ  D 	 E 6, HPLVVLRQ WRZDUGV 12 DQG &2 UHVSHFWLYHO\ F 	 G 5(6 UHVSRQVH WRZDUGV 12 DQG &2 UHVSHFWLYHO\ 7KH
GLVVLPLODULW\ RI WKH 5(6 DQG 6, UHVSRQVHV FDQ LPSURYH WKH JDV VHOHFWLYLW\ RI 02; JDV VHQVRUV )LJXUH  56& 
 &RQFOXVLRQV
x $ QRYHO NLQG RI JDV VHQVRU KDV EHHQ SUHVHQWHG WKDW FRQVLVWV RI D SDLU RI SDUDOOHO QDQRZLUHV
x 7ZR RUWKRJRQDO VHQVRU VLJQDOV FDQ EH H[WUDFWHG IURP VXFK GHYLFHV WKH FRQYHQWLRQDO 5(6
UHVSRQVH DQG WKH LQQRYDWLYH 6, UHVSRQVH IURP D 02; QDQRZLUH
x :LWK WZR GHWHFWLYLW\ FULWHULD VHOHFWLYLW\ FDQ EH LPSURYHG XVLQJ D VLQJOH 02; VHQVLQJ GHYLFH
x (IILFLHQW 6, UHDGRXW RI D 31' GHYLFH FDQ EH DWWDLQHG DW WHPSHUDWXUHV RI WKH RUGHU RI & LH LQ
WKH VDPH UDQJH RI WHPSHUDWXUHV ZKHUH 5(6 UHDGRXW LV FRQYHQWLRQDOO\ SHUIRUPHG
x 7HPSHUDWXUHV FDQ EH UHDFKHG E\ VHOIKHDWLQJ DOORZLQJ XOWUDORZSRZHU JDV VHQVRUV RSHUDWLRQ
$FNQRZOHGJHPHQWV
7KH UHVHDUFK ZDV VXSSRUWHG E\ WKH )UDPHZRUN  SURJUDP XQGHU WKH SURMHFW 6 )3103
$XWKRUV IURP ,5(& DFNQRZOHGJH WKH ILQDQFLDO VXSSRUW JLYHQ E\ WKH ;D50$( 1HWZRUN RI ([FHOOHQFH RQ
0DWHULDOV IRU (QHUJ\ *HQHUDOLWDW GH &DWDOXQ\D
5HIHUHQFHV
>@ .LVHOHY , 6RPPHU 0 0DQQ -. 6\VRHY 99 ,((( 6HQVRUV -RXUQDO    
>@ +DFNQHU $ +DEDX]LW $ 0OOHU * &RPLQL ( )DJOLD * 6EHUYHJOLHUL * ,((( 6HQVRUV -RXUQDO   
>@ +HUQDQGH]5DPLUH] ) 3UDGHV -' +DFNQHU $ )LVFKHU 7 0OOHU * 0DWKXU 6 0RUDQWH -5 1DQRVFDOH   
>@ =DQGEHUJ (< 5DVXOHY 8. 7KHRUHWLFDO DQG ([SHULPHQWDO &KHPLVWU\   
>@ 0DWKXU 6 %DUWK 6 6KHQ + 3\XQ -& :HUQHU 8 6PDOO    
